Bursaphelenchus xylophilus was inoculated into the branches of wilt-resistant Pinus taeda and P. strobus, and wilt-susceptible P. thunbergii. The histology of inoculated pine branches was investigated. Nematode numbers increased in whole inoculated branches of P. thunbergii. Nematode numbers decreased in those of resistant species, except in proxim ity to the inoculation site of P. taeda. Histological changes were delayed in the cortex and phloem tissue and cambium of P. thunbergii inoculated branches. In resistant species, necrosis and destruction of cortex and phloem tissue and cambium (P. taeda) or occlusion of cortical resin canal (P. strobus) occurred near the inoculation site rapidly after nematode inoculation. Wound periderm was formed within 3 weeks and 5 weeks after inoculation in P. taeda and P. strobus, respectively. Wound periderm formation was observed only around the cortical resin canals in P. thunbergii. Necrosis of xylem parenchyma was conspicuous in P. thunbergii, but not in resistant species. These results suggest that responses of resistant species, wound periderm formation and occlusion of cortical resin canal, trapped the nematode within damaged tissue. It is also suggested that insensitivity of xylem parenchyma to nematode infection acts as a defensive factor.
INTRODUCTION

RESULTS
AND DISCUSSION
Development of the disease in whole tree The two-year-old needles of P. thunbergii began to yellow 4 weeks after inoculation. The needles generally discolored and the trees wilted, 5 and 6 weeks following inoculation, respectively. No visible symptoms were observed in P. taeda and P. strobus until 5 weeks after inoculation.
Until the end of the inoculated year, a few inoculated branches of P. taeda died, but P. strobus displayed neither dead branches nor dead trees.
Distribution
of nematodes Nematode numbers increased in the proximity of inoculation site, portion A, of P. taeda, but did not increase apart from the inoculation site, at portion B and C (Fig. 2a) . In whole inoculated branches of P. strobus, the nematode numbers were as high as those of P. thunbergii up to one week after inoculation , but then decreased gradually (Fig. 2b) . Nematode numbers increased in whole inoculated branches of P. thunbergii (Fig. 2c) . I-2, 3 ). Histological changes, other than destruction of epithelia, were not observed until 2 weeks after inoculation in cortex and phloem of P. thunbergii.
Necrosis and destruction of cortex and phloem tissue was most conspicuous in P. taeda, but was the least apparent in susceptible P. thunbergii, until 3 weeks after inoculation. Cavity formation and cell necrosis were observed in the cambium of P. taeda near the inoculation site, portion A, within 2 weeks after inoculation (Table 1) . Fewer cavities, however, were observed in the distal portion. Cambial death did not develop in P. strobus. Breakdown of P. thunbergii cortex and phloem tissue became conspicuous, and advanced cambial death was observed 3 weeks after inoculation. Many nematodes distributed in destroyed cortex and phloem tissue and cavities at cambia, especially of P. taeda (Plate I-2, 3).
Responses in the cortex and phloem Wound periderms were well developed in P. taeda 3 weeks after inoculation (Plate I-4), and also in P. strobus within 5 weeks, but not formed in P. thunbergii except for the periderms surroundig cortical resin canals (Table 2) . In all species, wound periderms were formed around cortical resin canal, when cortex epithelial cells were destroyed and necrosis developed in the encircling parenchyma cells (Plate I-5). However, frequency and the degree of wound periderm formation around the resin canal was lower in P. thunbergii than that in P. taeda and P. strobus. Occlusion of cortical resin canal, resulted from the hypertrophy of parenchyma cells and hyperplasia of epithelial cells, became gradually conspicuous in inoculated P. strobus (Plate I-6a, b). Occlusion of cortical resin canal and wound periderm formation did not inhibit the initial migration of nematodes. However, they would become effective to trap the nematodes within damaged tissue after their development. Rapid tissue discoloration was reported in P. strobus after the inoculation of B. xylophilus10,11). Moreover, death of the inner bark tissue and cambium was restricted in parts of trees and no mortality of whole tree was observed in P. strobus3,14). The findings of Tamura et al. suggest that histochemically detectable responses occur rapidly in P. strobus, despite of low degree of cortex and phloem tissue destruction14).
Lesser death in P. strobus cortex and phloem may cause delayed wound periderm formation.
If localized death of cortex and phloem occurred in P. strobus, wound periderm wound be formed more rapidly. Restriction of nematode dense area observed in P. taeda corresponded to rapid necrosis and destruction of cortex and phloem tissue and the following wound periderm formation near the inocula tion site. Reproduction of dispersed nematodes was not observed in the inoculated branche of P. taeda and P. strobus. These results suggest that localized death in the cortex and phloem tissue of resistant species, especially of P. taeda, results from the excessive response to the invasion of B. xylophilus, and concerns with the resistance.
Changes in the xylem One week after inoculation, epithelium destruction and parenchyma discoloration and necrosis were rarely observed in the xylem of any species (Table 3) . Then, only in P. thunbergii, these changes became widespread in the inoculated branches, and most of parenchyma had been dead by 5 weeks after inoculation. A high number of xylem ray parenchyma cells became necrotic in P. thunbergii before the Water deficit is an important factor responsible for whole tree mortality in susceptible species4,7).
Physiological changes in xylem parenchyma which cause cavitation are closely related to the denatura tion of xylem parenchyma2), and therefore possibly related to the final death of xylem parenchyma.
Death of xylem parenchyma preceded death of cortex and phloem tissue in inoculated branches of susceptible species. This suggests that xylem dysfunction finally induce cambial death in susceptible species.
In the previous studies, cavitation was found only in limited portion of P. taeda stem6) and of inoculated branches of P. strobes14). Substances which cause tracheid cavitation and progressive water blockage might not increase in the stem of resistant species for the insensitivity of xylem parenchyma to nematode activities6). In the present study, death of xylem parenchyma was less in inoculated branches of P. taeda and P. strobus than those in susceptible species, while cortex and phloem tissue of inoculated branches of P. taeda were destroyed in the early stage. These histological observations also suggest that insensitivity of xylem parenchyma to nematode infection contribute to the wilt resistance of Pinus spp. Localized death of cortex and phloem tissue and cambium appears to induce the following localized death of xylem parenchyma in inoculated branches of resistant species, especially of P. taeda. Further investigation on the chemical factors associated with localized death of cambium and insen sitivity of xylem parenchyma observed in resistant species will be necessary to reveal the resistance mechanisms.
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